showed that it is ineffective to design a UASB reactor with a longer HRT to cope with organic shock loads.
INTRODUCTION
The metabolic capacity or specific methanogenic activity (SMA) of anaerobic sludge depends on various operational parameters, including hydraulic retention time (HRT), upflow velocity (V up ), organic loading rate (OLR), influent chemical oxygen demand (COD Inf ), sludge retention time (SRT), operational temperature, presence of inhibiting factors or xenobiotics compounds, and reactor configuration (Lettinga 1995) . However, published results about the effect of HRT, V up , and COD Inf on SMA are contradictory. Jawed & Tare (1996) investigated the performance of an Upflow Anaerobic Sludge Blanket (UASB) reactor fed with diluted molasses and concluded that increasing the OLR by reducing the HRT led to a decrease in SMA. The same observation was made by Kalyuzhnyi et al. (1996) . to Kato et al. (1997) , in reactors treating diluted wastewater containing ethanol, the low substrate concentration was the main reason for the relatively low SMA of the sludge. On the other hand, Jawed & Tare (1996) investigated the performance of a UASB reactor fed with diluted molasses doi: 10.2166/wst.2009.188 and found that an increase in COD Inf led to a decreasing SMA. Ghangrekar et al. (1996) operated lab-scale UASB reactors fed with sewage under different HRTs, V up , and COD Inf . They found that the sludge SMA did not follow any trend with respect to these parameters. With respect to the discordant information available in the literature, it is clear that the effects of operational conditions on the SMA still need to be clarified. The knowledge about the effect of these parameters on the SMA can provide insight about the capacity of the UASB reactors to withstand organic and hydraulic shock loads.
Sludge biodegradability is a parameter used to estimate the fraction of the organic material in the sludge that can be biologically converted into methane. The effect of the operational conditions imposed on UASB reactors regarding the biodegradability of the sludge has been scarcely reported in literature. As mentioned by Mgana (2003) , it is very difficult to compare the data obtained by the few researchers who carried out studies on this area, as each of them followed different experimental procedures.
The objective of this study is to evaluate the effect of COD Inf , HRT, SRT, and V up on both the SMA and biodegradability of sludge samples withdrawn from different UASB reactors.
MATERIALS AND METHODS

Experimental set-up
The experimental investigation was carried out using eight pilot-scale UASB reactors which had a volume of 120 L each, a height of 4m, and were fed with domestic sewage at 278C. The pilot-scale reactors were denominated by R HRT COD , where the superscript index stands for the hydraulic retention time, and the subscript index stands for the total influent COD. Both are the averages during steady state conditions. When the steady state had been established, the sludge samples were withdrawn from taps located at four different heights on the reactors to assemble composite samples, which were immediately used for the analysis of SMA, biodegradability and solids. The main operational parameters are presented in Table 1 .
Specific methanogenic activity tests
The SMA was determined following the procedure described by Jawed & Tare (1999) . The tests were carried out in 0.6 L serum bottles (with a working volume of 0.4 L), which were filled with sludge (5 g/L), sodium acetate (2.5 g/L), distilled water, and pH buffer (2.5 g/L of sodium bicarbonate). Both nutrients and trace elements were added All experiments were performed in triplicate.
Sludge biodegradability tests
The sludge biodegradability tests were conducted using serum bottles similar to those used for the SMA tests.
Additionally, the same temperature and shaking conditions were applied. 400 mL of sludge was added to the bottle, but no nutrients, substrate, or buffers were added. The VS content of the sludge was determined prior to the biodegradability test to calculate the fraction converted to 
RESULTS AND DISCUSSION
Specific methanogenic activity SMA was higher for sludge collected from reactors which were operated at shorter HRTs and higher V up (Set 1 in Figure 1 ). This phenomenon can be likely attributed to selective retention of sludge with higher SMA in reactors that were operated at higher upflow velocities (O'Flaherty et al. 1997) . This mechanism appears to be confirmed by the results obtained with reactor R may have improved the growth of this specific trophic group. Thus, an increased SMA at decreased HRT can be interpreted as a larger relative mass of methanogenic archaea (Guiot et al. 1992 ).
According to Zeeman & Lettinga (1999) , the longer the SRT, the better the sludge quality in terms of methanogenic activity. However, this only seems to be true if the sludge age is increased by a decreased influent SS concentration (Set 2 in Figure 1 ). Even so, this rise does not seem considerable compared to Set 1. During the treatment of domestic sewage, a short hydraulic retention time leads to short SRT and a high SMA (Set 1 in Figure 1 ).
The effect of the COD Inf concentration on the SMA is not clear. It would appear that the influent concentration, ranging from 200 -800 mgCOD/L, did not affect the SMA to any measurable extent and that the differences in sludge SMA found for those reactors which were operated with the same HRT are in the error range for such tests.
Sludge biodegradability
The biodegradability of sludge has an inverse relationship with the HRT, i.e., the shorter the HRT, the higher the biodegradability of the sludge (Figure 2 ). This is most likely because reactors operated at short HRTs are also inherently submitted to high OLR, and in the case of sewage, also generally submitted to a high SS loading rate. This high amount of entrapped SS reduces the SRT and therefore increases the biodegradability of the sludge. Another possible reason for higher sludge biodegradability when reactors are operated at shorter HRT is that the reactors are also exposed to a high VLR. The highly biodegradable material is then attributed to the high concentration of methanogenic biomass which was grown under the high VLR, as previously explained.
The results in Figure 3 show that the first hypothesis may be coherent with regards to the effect of SRT on the sludge biodegradability. Although the SS removal efficiency decreased for reactors operated at shorter HRTs, the SS loading rate (based on the removed SS) was higher. The second hypothesis is also consistent. Assuming that the SMA is proportional to the methanogenic bacteria content of the sludge, then for the same sludge biodegradability the differences in SMA can only be attributed to differences in the sludge's contents of biodegradable SS. 
Where: X 0 is the total degraded SS (X deg þ X bm ) in the biodegradability test; X t is the remaining degradable SS at any time during the experiment; "t" is the duration of the biodegradability test, and "a" is an empirical constant (0.087 and 0.415 for reactors R 6 816 and R 2 787 respectively). The result of the method is presented in Figure 4 using reactors R 6 816 and R 2 787 as examples. If the stabilisation of the sludge had occurred according to single first order kinetics, then the biodegradability would probably be due to the decay of biomass (X bm ). This is because methane production, after a prolonged test period, originates from bacterial death and subsequent decay of dead cells (Seghezzo et al. 2002) , as well as from the decay of poorly biodegradable matter. The results revealed that the initial parts of the curves in Figure 4 do not fit into the linearised methane production. This discrepancy can be interpreted as the contribution of hydrolysed X deg and the decay of the biomass. Clearly, the discrepancy in Figure 4B exceeds that found in Figure 4A , indicating that the degradable SS concentration increased as the HTR decreased. In fact, during the first 10 days, the sludge of reactor R 6 816 produced only 27% of the total recovered methane, whereas sludge of reactor R 2 787 released an amount of 57% of methane. After this initial period, the gas production rate was very low, almost constant, and continued along the whole test time frame. ). VFA produced during the acidogenic step was calculated using Equations 5 and 6, according to Mahmoud et al. (2004) . The difference between the MMP and VLR gives the "extra" VFA loading capacity. This "extra" capacity is considered to be a "reserve" capacity for the reactor to convert the VFA (introduced and/or produced) during a possible VFA overload. The results presented in Table 2 show that the "extra" VFA loading capacity significantly increases in systems operated at lower HRTs. This indicates that it is futile to design a UASB reactor with a long HRT to increase its capacity to cope with shock loads. † There is no merit in designing a UASB reactor with long HRT to increase its capacity to cope with shock loads. 
